Our purpose is to present a novel technique for delivering craniospinal irradiation in the supine position using a perfect match, field-in-field (FIF) intrafractional feathering, and simple forward-optimization technique. To achieve this purpose, computed tomography simulation was performed with patients in the supine position. Half-beam, blocked, opposed, lateral, cranial fields with a collimator rotation were matched to the divergence of the superior border of an upper-spinal field. Fixed field parameters were used, and the isocenter of the upper-spinal field was placed at the same source-to-axis distance (SAD), 20 cm inferior to the cranial isocenter. For a lower-spinal field, the isocenter was placed 40 cm inferior to the cranial isocenter at a constant SAD. Both gantry and couch rotations for the lower-spinal field were used to achieve perfect divergence match with the inferior border of the upper-spinal field. A FIF technique was used to feather the craniospinal and spinal-spinal junction daily by varying the match line over 2 cm. The dose throughout the target volume was modulated using the FIF simple forward optimization technique to obtain homogenous coverage. Daily, image-guided therapy was used to assure and verify the setup. This supine-position, perfect match craniospinal irradiation technique with FIF intrafractional feathering and dose modulation provides a simple and safe way to deliver treatment while minimizing dose inhomogeneity.
INTRODUCTION
Craniospinal irradiation (CSI) is a technically challenging treatment for radiation oncologists. Historically, CSI was delivered with patients in the prone position by opposed, lateral, cranial fields matched to posterior spine fields. Prone positioning allows direct visualization of the field junctions between craniospinal and spinal-spinal fields. However, the prone position can be uncomfortable for many patients, particularly elderly and deconditioned patients. In addition, pediatric patients require general anesthesia for CSI, and setting up patients under anesthesia in the prone position is not only difficult but also less secure.
Recent advances in the delivery of CSI include techniques for treating patients in the supine position. [1] [2] [3] Supine positioning offers several advantages, including a comfortable, stable, and reproducible position for treatment and improved ability to deliver general anesthesia. We report a novel technique for CSI in the supine position using a perfect match and simple forward-optimization field-in-field (FIF) technique to feather the junctions daily and to create homogenous coverage of the target volume.
MATERIALS AND METHODS
Computed tomography (CT) simulation was performed with the patient in the supine position. Immobilization was achieved using an all-in-one body immobilization system with an indexable carbon-fiber baseplate underneath the full length of the patient. A head support with a cranial stop was placed over a wedge, with the heel oriented inferiorly; this allowed maximal extension of the neck and minimized the exit dose through the mandible from the posterior upper-spinal field. Thermoplastic molds were positioned for immobilization−one over the head and neck, another over the thorax and upper abdomen. The lower extremities were elevated (using an indexable knee and leg positioning system) to the angle that maximally flattened the spine. Anterior-posterior (AP) images were obtained to confirm the alignment of the spine, and lateral scout CT images were obtained to verify flattening of the spine against the tabletop and maximum extension of the neck.
After the patient was properly positioned, a CT scan from the cranial aspect of the skull through the pelvis was obtained.
Images were transferred to a virtual simulation workstation. 
RESULTS
The technique described above was performed with a 42-year-old man with a multifocal germinoma and abnormal cerebral spinal fluid findings requiring CSI treatment. Fig. 1 shows the patient on the treatment planning table, with maximal head extension and flattened spine. Also shown are the direction of daily feathering and the nondivergent matching of each field. between each field, which is a critical part of the planning and verification process for accurate delivery of CSI in the past, especially when image guidance technique was not mature.
However, the prone position is uncomfortable for patients. Therefore, supine positioning for CSI has become an attractive option to increase patient comfort and enhance stability and reproducibility of the treatment position. For pediatric patients, delivery of general anesthesia is easier in the supine position than the prone position.
Techniques for CSI in the supine position, using both conventional fluoroscopic and CT simulators, are described in the literature. [1] [2] [3] [4] The fluoroscopic simulation techniques are cumbersome and limit the radiation oncologist's ability to delineate and visualize coverage of the target volume in 3 dimensions.
In contrast, CT simulation can be relatively simple.
Parker and Freeman 1) described a technique for CSI in the supine position that is similar to our technique; they used to 75% without FIF modulation. In addition, the volume of the thecal sac receiving at least 120% of the prescribed dose was 0% with modulation and 6% to 36% without modulation.
Inverse-planned, intensity-modulated radiotherapy (IMRT) is often used to modulate dose, and a few reports of IMRT for CSI have recently been published. [6] [7] [8] Parker et al. 7) compared treatment plans for a 2-dimensional (2D) technique, a 3D tech-nique, and an inverse-planned IMRT technique (using 5 beams) in 3 separate patients. The target volume coverage and dose homogeneity improved with the IMRT technique. The target volume receiving 95% of the prescription dose was 98% for 2D treatment; 96% for 3D treatment, and 100% for IMRT.
The volume receiving 107% of the prescription dose was 37%
for 2D treatment; 38% for 3D treatment; and 3% for IMRT.
IMRT also improved the dose to organs at risk for volumes receiving 10 Gy, 15 Gy, and 20 Gy; however, IMRT resulted in higher integral dose for the volumes receiving 5 Gy or less.
Kusters et al. Although IMRT offers improvement in target volume coverage, dose homogeneity, and avoidance of organs at risk, concerns remain about implementation of IMRT for CSI. IMRT results in increased integral dose with multiple beams and requires increased monitor units for treatment; both factors are a concern with pediatric patients. In addition, use of IMRT requires accurate delineation of the target volume, which has not been described or validated with outcomes data using IMRT.
Verification of the field junction between craniospinal fields and spinal-spinal fields is a concern for supine positioning because visualization of the light field on the patient is no longer applicable. Chang et al. 
CONCLUSION
CSI is a technically challenging treatment to implement and deliver. FIF intrafractional feathering, dose modulation, and perfect match in conjunction with our supine positioning CSI technique, provided a simple and safe way to deliver treatment while minimizing dose inhomogeneity.
